Abstract: Integrated experiments of Fast Ignition for FIREX-1 project have been performed with Gekko-XII and LFEX lasers at the Institute of Laser Engineering, Osaka University. Implosion and heating dynamics have been intensively studied.
INTRODUCTION
Fast Ignition (FI) has been proposed as an efficient and compact laser fusion scheme [1] [2] [3] . Implosion and heating experiments of FI targets for FIREX-1 project have been performed with Gekko-XII and LFEX lasers at the Institute of Laser Engineering (ILE), Osaka University. A plastic (CD) shell target with a hollow cone for guiding the heating short-pulse laser at the time of the maximum compression was used in this experiment. It was a part of an Interactive Coordinated Research Program with the Institute for Fusion Science (NIFS).
NONUNIFORM IMPLOSION HYDRDYNAMICS
Implosion of a shell target with a cone have been performed with 9 or 12 beams of Gekko-XII 527-nm laser, 5 kJ in total in a 1.2ns pulse. Typical target was a CD shell with 500 µm and 7 µm in diameter and thickness, respectively. A hollow gold cone was inserted to the shell. Opening angle of the cone was θ=30 degrees and the tip of the cone was set at a distance d=50 µm from the center of the shell (Fig. 1) . Fig. 1 . CD shell target with a cone Hydrodynamics of such a nonuniform implosion has been diagnosed with "1D+McMIXS", one-dimensional and multi-channel multi-imaging x-ray streak camera [4] [5] [6] . Imploding shell trajectory was recorded on the "1D" channel, which is a conventional use of streak camera [4] . Two-dimensional (2D) images of the imploded core plasma with two types of x-ray spectral regions were recorded as spatially sampled 1D images on "McMIXS" channels, and reconstructed as time-resolved 2D images [5] . From the signal intensity ratio between two different spectral images, time-resolved 2D temperature distribution of the imploded core was derived.
In case we used only 9 beams for implosion except 3 around the cone, it was found that the imploded core plasma of a shell target with a cone was neither spherical nor uniform because of the existence of the cone, and moving towards the tip of the cone and interacting with it [6] . Also a jet-like structure from the core to the cone tip was observed. It was also found that the top of the jet was hot and the following part was cold. Such nonuniform structure was caused because laser drive from the cone side was weaker than other directions. When we used 12 beams for implosion including 3 beams around the cone with slightly shifted pointing to avoid irradiation of the cone, the core shape was improved to become more spherical, and the core movement was less. These features well agreed with 2D simulations. Target design taking account of these phenomena is quite important because such jet may affect the condition of the cone tip.
HEATING DYNAMICS MEASUREMENT
When a FI target is irradiated with a heating laser, which is an ultra intense short pulse laser, huge amount of very hard x-rays (from >10 keV to >MeV) are generated due to such very high energy electron production. Hard x-rays cause serious back ground noise to plasma diagnostics, particularly x-ray imaging and neutron detectors. To avoid such hard x-ray back ground in gated micro channel plate x-ray framing camera (XFC), we have developed an XFC coupled with x-ray total reflection mirrors. Optical path from the target to the XFC for imaging was bended with the reflector and a thick lead was inserted in between to block the direct hard x-rays. With this instrument, we could observe the thermal x-ray images of the target even at the time when the heating beam is injected.
On the contrary, such hard x-ray background on an XFC can be utilized as an indicator of heating beam injection time. Hard x-rays easily penetrate the imaging devices such as pinhole disks, and uniformly illuminate the detector (strip lines on micro channel plate of XFC). It can be recorded when the traveling voltage pulse is on. Thus we can observe the heating time with a normal XFC [7] .
We used both types of XFC's to observe implosion hydrodynamics, imploded core shape, and injection time of the heating laser simultaneously.
FI INTEGRATED EXPERIMENTS
We have started heating experiment of the targets by using LFEX laser beam (Fig. 2) , which is a 1053-nm laser in a pulse width of 1-20 ps. The beam is focused with an F/5 off-axis parabola mirror. The out put energy of LFEX beam is currently being increased. Improvement in the focusing and pulse compression is underway.
In the integrated FI experiment, the shell target is imploded by irradiation with Gekko-XII laser beams, and the imploded core plasma is heated with hot electrons generated inside the cone irradiated with LFEX laser. Implosion hydrodynamics, heating dynamics, hot electron generation, and enhanced fusion reactions are measured with various diagnostic tools including those described above. Details of the results will be presented.
